ABSTRACT Experiments were conducted to evaluate conventional canola meal (Conv CM) and a new increased-protein reduced-fiber CM (Test CM). The Test CM contained higher levels of all digestible amino acids than the Conv CM as determined in 2 precisionfed rooster assays wherein Single Comb White Leghorn roosters were fasted for 24 h and then tube-fed 30 g of Conv CM or Test CM. Excreta were then quantitatively collected for 48 hours. All diets in 2 broiler experiments then were formulated to be equal in AME n and digestible amino acids based on values from precisionfed rooster assays. In Experiment 1, diets were corn and soybean meal based and contained zero, 10, 20, 30 or 40% Conv CM from 2 to 21 d of age and zero, 10, 20 or 30% Conv CM from 21 to 37 d of age. In the starter phase of Experiment 1 (2 to 21 d), there was a significant negative effect (P < 0.05) on weight gain and feed intake for CM levels in excess of 10%. In Experiment 2, both Conv CM and the new Test CM were evaluated. For the starter phase (2 to 19 d), the diets contained no CM or 8% Test CM or 8% Conv CM. For the grower phase (20 to 44 d), the chicks were fed diets that contained either no CM or 8, 16, or 24% of Test CM (Diets 2 to 4) or the same levels of Conv CM (Diets 5 to 7). The Test CM diets contained less soybean meal and less added fat than the Conv CM diets. There were no significant differences among dietary treatments for growth performance for either phase of Experiment 2. These results indicate that the new Test CM has increased levels of digestible amino acids compared to Conv CM and that up to 24% of either type of CM could be fed to broiler chickens during the grower phase with no statistical differences (P < 0.05) in performance when diets were formulated to be equal in AME n and digestible amino acids.
INTRODUCTION
Inclusion levels of canola meal (CM) in diets for poultry often have been limited in the past. The major reason for the latter is the anti-nutritional factors found in the CM. The main factors have been glucosinolates and fiber, which reduce the value of the meal for nonruminant animals. The presence of glucosinolates has been shown to result in reduced growth performance, reduced feed intake, enlarged thyroids, and mortality in broilers (Fenwick and Curtis, 1980; Khajali and Slominski, 2012) . Feed ingredients with high fiber content have been shown to have decreased energy value and also may have decreased digestibility of various minerals for poultry (Nwokolo and Bragg, 1977; Bell, 1993) . The agricultural industry has developed breeding programs for CM in order to reduce these anti-nutritional factors. New yellowseeded (Brassica napus) varieties contain lower levels of C 2017 Poultry Science Association Inc. Received June 20, 2016 . Accepted February 17, 2017 Corresponding Author: poultry@illinois.edu glucosinolates and fiber as well as having higher levels of protein (Simbaya et al., 1995; Slominski et al., 1999; Slominski et al., 2012) . The new yellow-seeded varieties have a larger seed and thinner hull than their traditional black-seeded relatives Brassica napus (Khajali and Slominski, 2012) . With a thinner hull, there is a reduction in fiber, which may increase the digestibility for broiler chickens. The yellow-seeded varieties have not been used substantially in animal diets because of their inherent agronomic problems (Rakow et al., 2007) . Recently, new increased-protein, reduced-fiber canola seed varieties have been developed. Chen et al. (2015) recently reported that CM produced from these new varieties had increased TME n and digestible amino acid concentrations compared with conventional canola meal (Conv CM). Based on the latter research, another new increased-protein, reduced-fiber canola seed variety has been developed for large-scale commercial production by DOW Agrosciences LLC (Indianapolis, IN) . This new variety of canola was developed by conventional plant breeding to have higher protein, lower fiber, and higher metabolizable energy than conventional canola. The solvent-extracted CM produced from 2159 the new canola is being marketed under the trade name Propound TM . The digestible amino acid content of this new CM has not been determined in poultry. In addition, there has been no published research on the evaluation of this new increased-protein, reduced-fiber CM in broiler chicken feeding trials.. Therefore, the primary objective of this study was to evaluate the effects of the new increased-protein reduced-fiber CM produced from the newly developed canola seeds on growth performance when included in the diets of broiler chickens.
MATERIALS AND METHODS
All animal procedures were approved by the University of Illinois Institutional Animal Care and Use Committee (IACUC).
Diets and Experimental Design
The digestible amino acid concentrations for the solvent-extracted Conv CM, solvent-extracted increased-protein reduced-fiber CM (Test CM), and the dehulled solvent-extracted soybean meals were determined in 2 precision-fed rooster cecectomized rooster assays using the procedures described by Kim et al. (2010) to obtain values for formulating the diets in the broiler experiments. All CM and soybean meals were produced in commercial, industrial plants. In the rooster assays, Single Comb White Leghorn roosters were fasted for 24 h and then 6 roosters were tubefed 30 g of Conv CM or soybean meal in the first assay and 10 roosters were tube-fed 30 g of Conv CM, Test CM, or soybean meal in the second assay. Excreta were then quantitatively collected for 48 h after feeding, freeze-dried, weighed, and analyzed for amino acids. The AME n values for diet formulation for the Conv CM (2,000 kcal/kg) and soybean meal (2,440 kcal/kg) were derived from the NRC (1994). The AME n value for the Test CM in Experiment 2 (2200 kcal/kg) was estimated from the relative differences in TME n between the industrial processed solvent-extracted Test CM and industrial processed solvent-extracted Conv CM samples reported by Chen et al. (2015) that were determined in precision-fed rooster assays. The results of those assays indicated that the TME n of the Test CM was approximately 200 kcal/kg higher than that of the Conv CM. The digestible amino acid and AME n values then were used to formulate the diets used in the 2 broiler experiments so that all diets were formulated to be equal in AME n and digestible Met+Cys, digestible Lys, and digestible Thr. All diets in the 2 broiler experiments were formulated to contain 3,020 kcal/kg of AME n in the starter phase and 3,050 kcal/kg of AME n in the grower phase. For digestible amino acids, diets were formulated using the ideal amino acid ratios of Baker and Han (1994) . All diets were formulated to contain 0.86, 1.20, and 0.80% digestible Met+Cys, Lys, and Thr, respectively, in the starter phase and 0.80, 1.08, and 0.73% digestible Met+Cys, Lys, and Thr in the grower phase.
In addition, all starter phase diets were formulated to contain a minimum of 0.92% digestible Val, 0.80% digestible Ile, and 1.26% digestible Arg and all grower phase diets were formulated to contain a minimum of 0.84% digestible Val, 0.72% digestible Ile, and 1.14% digestible Arg. All diets also were formulated to be equal in total Ca and available P. The Ca values for the Conv CM, Test CM, and soybean meal were analyzed as described below and the available P values were based on the analyzed total P values and assuming that 33% of the total P was available. Table values were used for the composition of corn (NRC, 1994) . Potassium carbonate was added to most of the diets that contained CM to maintain the dietary potassium level similar to the corn-soybean meal control diet that contained no Conv or Test CM. Selected diets, primarily those containing the lowest and highest levels of CM, were sampled and analyzed for CP, Ca, and total P to confirm the calculated target values from diet mixing.
The first broiler experiment was conducted to evaluate the effects of feeding increasing levels of Conv CM in broiler chicken diets in our laboratory. The first broiler experiment (Experiment 1) evaluated increasing levels of only Conv CM to provide input for the treatments to evaluate in the second experiment. Experiment 1 used 200 Ross 308 males that were randomly assigned to one of 5 dietary treatments from 2 to 20 d of age in which chicks were fed diets containing zero, 10, 20, 30 or 40% Conv CM (Table 1 ). The chickens then were fed diets containing zero, 10, 20 or 30% Conv CM during the grower phase (21 to 37 d) ( Table 2 ). The dietary treatment that included 40% CM was not included during the grower phase due to limited grower battery space. The CP content of the 30 and 40% CM starter phase diets increased because of the need to meet the digestible Ile requirement. For the grower phase diets, the CP content of the 30% CM diet increased slightly to meet the digestible Ile and Arg requirements. The second experiment used 280 Ross 308 males that were randomly assigned to one of 7 dietary treatments from 2 to 44 d of age. These treatments consisted of zero or 8% test or Conv CM in the starter phase (2 to 19 d) (Table 3) Table 4 ). The CP content of the 24% Conv CM and 24% Test CM diets increased slightly during the grower phase to meet the digestible Ile requirement. At the initiation of each experiment, chicks were weighed, wing-banded, and allotted to their dietary treatments via a completely randomized design so that each pen had a similar mean initial body weight. There were 5 chicks per pen and 8 replicate pens per treatment. During the experiments, chicks were housed in thermostatically controlled starter batteries with raised-wire flooring in an environmentally controlled room with continuous lighting. Experimental diets and water were available for ad libitum consumption for the duration of the experiments. Feed intake per pen was recorded and final body weight of each chick was recorded at the conclusion of 
Nutrient Analysis
Ingredients were analyzed for GE using bomb calorimetry (Model 6300; Parr Instruments, Moline, IL), CP by combustion (Method 990.03; AOAC International, 2007) using a Rapid N Cube (Elementar Americas Inc, Mt. Laurel, NJ) with Asp as the standard, and ash (Method 942.05; AOAC International, 2007) . Ingredients also were analyzed for ADF (Method 973.18, AOAC International, 2007) , NDF (Holst, 1973) were performed at the University of Missouri Experiment Station Field Laboratory. The GE and DM analyses were performed at the University of Illinois. In addition, the CM samples were analyzed for glucosinolates by DOW Agrosciences LLC using the procedures of ISO (1992).
Statistical Analysis
All data were initially analyzed by analysis of variance procedures for a one-way completely randomized design using PROC GLM of SAS R (SAS Institute Inc., 1990). Statistical significance was determined at P < 0.05. When a statistical significance for the model was present, Fisher's Least Significant Difference means separation test was used to determine significant differences among individual treatment means. In addition, regression analyses of weight gain, feed intake, and gain:feed ratio regressed on dietary CM level were conducted to determine significant linear and quadratic effects using PROC GLM (SAS Institute Inc., 1990).
RESULTS AND DISCUSSION
The analyzed levels of CP, Ca, total P, and total amino acids in the Conv CM used in Experiment 1 are in general agreement with those values reported by the poultry and swine NRC (1994; 2012) publications (Table 5) . As expected, the Conv CM in Experiment 1 contained a lower level of AME n , CP, and most total and digestible amino acids than the dehulled soybean meal (Table 5 ). For total amino acids, the exception was that the Conv CM contained levels of Met and Cys that were similar to or greater than those in the soybean meal. The Conv CM contained higher levels of NDF, ADF, Ca, and P than the soybean meal. The total glucosinolate level of 13.5 u Mol/g in the Conv CM was within the range of 5.5 to 21.2 u Mol/g values reported by Chen et al. (2015) for several samples of Conv CM and the 13.5 u Mol/g value is below the 30 u Mol/g level, which is the defined value for CM by the Canola Council of Canada (2009). For Experiment 2, the same general differences in nutritional composition between Conv CM and soybean meal were again observed (Table 6 ). The Conv CM in Experiment 2 contained 40.25% CP, which is higher than the table value of 34.8% CP from the poultry NRC (1994) and the table value of 37.5% CP from the swine NRC (2012). These differences were probably due mainly to sample variation since the 2 Conv CM samples used in Experiments 1 and 2 were obtained from different sources and processing plants. In addition, when comparing Conv CM to the Test CM, the latter had increased levels of AME n , CP, and digestible amino acids and lower levels of NDF and ADF. For example, the concentrations of digestible Lys and Met + Cys were 18 and 22% higher in the Test CM than in the Conv CM. These analyzed nutrient composition values and the digestible amino acid values obtained from the rooster assays indicate that the Test CM has increased nutritional value compared to Conv CM for poultry. These same types of (2009) for CM. The higher digestible amino acid concentrations in the Test CM compared to the Conv CM observed in the current study were primarily due to increased levels of total or analyzed amino acids in the Test CM and not due to increased digestibility (Table 6) . Chen et al. (2015) reported that several samples of increased-protein, reduced-fiber CM had both increased amino acid concentrations and increased digestibility of amino acids in 3 of 4 precisionfed cecectomized rooster experiments; however, only increased amino acid concentrations were observed in the current study for the Test CM vs. the Conv CM. The increased estimated AME n for the Test CM in the current study was probably due to a combination of its increased CP content and its reduced fiber content. It is well known that fiber is digested poorly by poultry. Thus, the reduction in ADF and NDF in the Test CM and the replacement of the fiber with more highly digestible CP probably accounted for most of the increase in estimated AME n for the Test CM. Jia et al. (2012) also reported that an increased-protein reducedfiber CM had higher AME n than Conv CM for broilers.
The growth performance results for Experiment 1 are shown in Table 7 . There was a significant reduction (P < 0.05) in weight gain and feed intake at dietary CM levels greater than 10% in the starter phase (2 to 20 d), resulting in a significant quadratic effect (P < 0.05). However, there were no significant differences among treatments for gain:feed ratio, indicating that the primary cause of the reduced weight gain was reduced feed intake. In the grower phase (21 to 37 d), there were no significant differences in weight gain, feed intake, or gain:feed ratio among dietary treatments. Due to the reduced weight gain and feed intake during the starter phase, the cumulative weight gain and feed intake (2 to 37 d) were reduced (P < 0.05) by the 30% CM dietary treatment. In addition, there was a significant linear effect (P < 0.05) of CM level on weight gain.
The results of Experiment 1 were used to design Experiment 2. Due to the large growth depression at the higher levels of CM in the starter phase and based on the recommendations of the Canola Council of Canada (2009) and consultation with commercial poultry nutritionists, it was decided to limit the inclusion of CM in the starter phase diets of Experiment 2 to a level of 8%. When the CM inclusion in the starter phase was limited to 8%, no adverse effects on performance were observed from either the Test or Conv CM (Table 8 ). In addition, there were no significant statistical differences (P < 0.05) observed among treatments from feeding, 8, 16, or 24% of Test CM or Conv CM during the grower phase (20 to 44 d) or for the entire experiment (2 to 44 d) under the conditions of the current study with 8 replications of 5 chicks per dietary treatment (Table 8) .
The reason for the reduced weight gain from feeding high levels of CM in the starter phase in Experiment 1 is unknown but possibly could be associated with the effect of bird age or dietary fiber on AME n and/or digestible amino acid levels in the diets, particularly for the very young chickens. Batal and Parsons (2002) showed that AME n and amino acid digestibility of corn-soybean meal diets increase with age for young chicks between zero and 14 d of age. Adedokun et al. (2008) later also showed that amino acid digestibility for several feed ingredients increased in broiler chicks and turkey poults between 5 and 21 d of age. Thus, reduced or overestimated amino acid digestibility of the CM when the chicks were very young is one possible explanation why the chicks fed the higher 
Dietary treatments I n g r e d i e n t s 1 2 3 4 5 6 7 levels of CM in Experiment 1 of the current study had reduced growth and feed intake because the amino acid digestibility values of the CM that were used to formulate the diets were determined in roosters. Another study concluded that AME n values vary significantly among expeller-extracted CM samples and that the fiber components may have a considerable effect on AME n value (Toghyani et al., 2014) . Thus, the higher fiber content of the CM may have contributed to the reduced growth and feed intake of chicks fed the higher levels of CM in the starter phase of Experiment 1. The observation that 20 and 30% CM meal did not negatively affect performance during the grower phase of Experiment 1 may suggest that younger chicks are more sensitive to the negative effects of CM fiber. The results of research studies evaluating the feeding of increasing or high levels of CM have not been consistent. In Experiment 1 of the current study, CM levels of 20% or higher could not be fed during the starter phase without depressing growth and feed intake. Mushtaq et al. (2007) also found similarly reduced body weight gain, feed conversion, and increased mortality in broiler chicks when 30% CM was added to the diets during one to 21 d of age. Some other studies also have reported that inclusion levels of CM beyond 20% in broiler chicken diets negatively affected feed intake (Woyengo et al., 2011; Gopinger et al., 2014) . In contrast, several other studies have reported no adverse effects on broiler chicken performance from feeding high levels of CM. Newkirk and Classen (2002) studied the effects of traditional toasted CM vs. nontoasted CM as a replacement for soybean meal at varying levels in diets of broiler chickens. Their study showed that nontoasted CM improved broiler growth and feed efficiency at dietary levels of zero to 24% from zero to 39 d of age compared to toasted CM, and they further concluded that high levels of nontoasted CM could be fed to broiler chickens with no adverse effects on growth performance. Similarly, Leeson et al. (1987) showed that CM can replace 100% of the soybean meal in broiler 1 Digestible AA values were determined using cecectomized roosters in a precision-fed rooster assay.
2 NDF = neutral detergent fiber; ADF = acid detergent fiber; P = phosphorus; AA = amino acids.
3 Calculated assuming that 33% of the total P was available.
diets from zero to 21 d of age without any significant effect on feed intake, weight gain or feed efficiency as well as protein, fat, calcium, phosphorus, or magnesium retention and energy utilization. Borcea et al. (1996) and Kocher et al. (2000) also reported that CM could replace soybean meal in broiler chicken diets without any detrimental effects on growth performance. More recently, Jia et al. (2012) fed 30% CM diets containing either yellow-seeded Brassica napus or black-seeded Brassica napus canola seeds to broiler chickens from 3 to 17 d of age. Although the broiler chickens that were fed CM derived from yellow-seeded Brassica napus had higher efficiency of energy utilization than the birds fed black-seeded CM, there were no observed differences in growth performance. The reason for the discrepancies among studies with regard to feeding high levels of CM to broiler chickens is unknown. The current study and most of the above studies that have reported negative effects of feeding high CM diets indicated that most or all of the reduced growth was due to reduced voluntary feed intake. Dietary factors associated with CM that have been reported to cause decreased food intake are higher fiber (Woyengo et al., 2011) , phenolic compounds such as tannins (Mansoori and Acamovic, 1 Digestible AA values were determined using cecectomized roosters in a precision-fed rooster assay.
2007), glucosinolates (Mawson et al., 1994; Tripathi and Mishra, 2007) , and impaired dietary electrolyte balance (Khajali and Slominski, 2012) . It is possible that variations among studies with regard to one or more of these factors may at least partially explain the differences in results obtained with feeding high CM diets. In summary, as shown in Table 2 , based on its nutritional composition, the Test CM had greater nutritional value than the Conv CM. The Test CM had lower fiber values of 15.1 and 9.2% for NDF and ADF, respectively, compared to 18.9 and 14.3% for the conventional CM used in Experiment 2. Consequently, the estimated AME n of the Test CM was higher than that of the conventional CM. Additionally, the Test CM had a higher CP level than the Conv CM (45.4 vs. 40.2%) as well as greater levels of digestible amino acids. Due to the increased nutritional value of the Test CM, less soybean meal and fat were able to be used in broiler chicken diets containing Test CM while still maintaining growth performance. The latter may have economic benefits because soybean meal and fat are typically and have historically been more expensive than CM. Additionally, the use of synthetic methionine decreased more in the Test CM diets than in the Conv CM diets. In Table 7 . Body weight gain, feed intake, and gain:feed for Experiment 1. 2 Significant quadratic effect (P < 0.05) of CM level during the starter phase for weight gain and feed intake and a significant linear effect (P < 0.05) of CM level for weight gain for both phases (2 to 37 d). 
